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(54) Road surface profllomater 

(57) The profilometer is mounted on a moving vehicle. It comprises a pulse Ildar 14 which is rotated about a 
horizontal axis pointing in the direction of movement of the vehicle. The position of the point of the road which 
is examined is determined from the distance that the vehicle has travelled. Its orientation, and the amount that 
the lidar has been turned. An indication of the shape of the road (concave, convex or inclined) is displayed. 
The rotational motion may be converted into reciprocal motion. 



Figure 1 2 




At least one drawing originally filed was informal and the print reproduced here is taken from a later filed format copy. 



This print incorporates corrections made under Section 117(1) of the Patents Act 1977. 
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AN APPARATUS FOH MEASURING A SHAPE OF ROAD SURFACE 



This invention relates to 
for meafcuring roughneaa of a 
concave or inclination vithout 

A conventional apparatus for measuring roughneee of the road 
surface is shown in Fig. 9* In Fig. 9. reference numeral 1 
denotes a main frame having a width corresponding to a road to be 
measured . Main frame 1 is supported by wheels 5 at its either 
end. Carriage 2 ie supported at the bottom face of main frame 1 
so as to slidably run in a longitudinal direction of main frame 
1, and measuring member 4 is fixed to carriage 2. As main frame 1 
is pulled by the vehicle in its lateral direction, measuring 
member 4 moves above the road surface* 

When measuring the shape of the road surface » carriage 2 
is moved in a longitudinal direction of the main frame 1 by a 
motor not shown and measuring member 4 measures a distance from 
the road surface » 

Fig. 10 chows a principle of measuring according the 
apparatus. Measuring member 4 includes laser emitter clement 6, 
projector lens 7, receiving lens 8, and CCD elements 9. Laser 
light from laser emitter element 6 is projected to the road 
surface through projector lens ?• A part of a reflected light 
from the road surface gathered by receiving lens 8, reaches to 
CCD elements 9. A position of the received light in CCD elements 
9 varies depending on the distance between the road surface and 
measuring member 4. For examplci if the road surface varies from 
RS 1 to RS2, a position of the received light varies from 9a to 
9b. Therefore, the distance from the road surface can be known 
from the receiving position in CCD elements 9, so that it is 



an apparatus mounted on a vehicle 
road surface, such as convex, 
contacting the road surface. 
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possible to neftsure concave or convex on the surface of road by 
measuring receiving poaitionfi as carriage 2 is moved along frame 

Hovever, in the conventional apparatus, if a width of the 
road to be moasured becomes longer, for example 3m, the length 
of main frame 1 must be longer. Consequently, a roechaniam of 
supporting carriage 2 and a mechanism of driving carriage 2 
becoae bulky, and it needs complicated structure to control 
precise positions of carriage 2 over an entire running stroke of 
carriage 2 along the main frame, which results in that not only 
its cost is increased but the apparatus becomes heavy and a 
number of necessary human labors for carrying and operating is 
increased . 

The frame can be substituted for a telescopic frame which 
can expand its length to have b longer measuring width than the 
length of the frame in its shrunk status. However such a 
mechanism is complicated and has problems in weight and cost. 



To eliminate the above disadvantages, it is an object of 
this invention to provide an apparatus for measuring roughness 
of a road face, which has a small size and a low weight. 

It is another object of this invention to provide an 
apparatus for measuring roughness of a road surface inwhich an 
operator needs not get out of the vehicle during measuring and 
get rid of dangerous outdoor works on the road. 

It is still another object of this invention to provide an 
apparatus for measuring roughness of a road surface which can 
decrease human labors. 

In this invention, an apparatus for jneasuring roughness of 
a road surface such as convex, concave or inclination on the road 
surface is mounted on the vehicle and compriaea a rotation 
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driving meinber to generate rotation notion in a vertical plane 
and to output a signal concerning ita rotation angle. The 
apparatus further compriscB an inclinometer to detect an 
inclined angle of the rotation driving member, and a distance 
measuring member rotated by the rotation motion of the rotation 
driving member and to measure a diatance from the road aurface. A 
processing unit calculates a vertical diatance and a horizontal 
distance between the apparatus and the road surface by means of 
the inclined angle detected by the inclinometer and the rotation 
angle detected by the rotation driving member. 

The distance measuring member may be a light wave distance 
measuring equipment measuring diatance by emitting a light wave 
toward the road surface and receiving its reflected light. 

The rotation driving member may comprise a pulse motor for 
generating the rotation motion, and a pulse motor driver for 
driving the pulse motor. The pulse motor driver outputs a signal 
regarding to the rotation angle of the rotation motion. 

Alternatively, the rotation driving member may comprise a 
pulse motor for generating the rotation motion, a transmission 
mechanism for transducing the rotation motion from the pulse 
motor into reciprocal linear motion and further for transducing 
^he reciprocal linear motion into rotation motion in a vertical 
plane about a certain rotation center of the apparatus, and a 
pulse motor driver for driving the pulse motor. The pulse motor 
driver outputs a signal regarding to the rotation angle of the 
rotation motion from the pulse motor. 

The above, and other objects, advantages and novel 
features of this invention will become apparent from the 
following detailed description and the accompanying drawings, in 
which like reference numbers indicate like or similar parts 
throughout wherein; 
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Fig. 1 is a perspective view of an apparatus for measuring a 
shape of a road surface of an embodiment according to the present 
invention! 

Fig. 2 is a block diagram of the embodiment of Fig. Ip 

Fig. 3 is a block diagram of a light wave distance measuring 

equipment and a signal processing unit of the embodiment of Fig. 

1, 

Fig. 4 is an explanation view showing operations of the 
embodiment of Fig. 1, 

Fig. 5 is a measured result of the apparatus shown in Fig. 

1. 

Fig. 6 is perspective view of a rotation driving mechanism 
of an apparatus for measuring a shape of a road surface of an 
another embodiment of this invention, 

Fig. 7 is a perspective view of a rotation driving 
mechanism of an apparatus for measuring a shape of a road surface 
of a yet another embodiment according to the present Invention ^ 

Fig. 8 is an explanation view showing scanning of the 
apparatus of Fig. 7, 

Fig. 9 is a perspective view of an apparatus for measuring 
a shape of a road surface of the conventional device, 

Figc 10 shows principle of measuring of the conventional 
apparatus , 

Fig. 11 is a perspective view of an apparatus for measuring 
a shape of a road surface of a still another embodiment 
according to the present invention. 

Fig. 12 is a measured result of the apparatus shown in Fig. 

11, 

Fig. 13 is a perspective view of an apparatus for measuring 
a shape of a road surface of a further another embodiment 
according to the present invention* 



4 



Referring to Fig. 1 . an embodiment of the invention i« 
deacribed below. The apparatus for meaeurlng a ahape of a road 
surface of the embodiment is mounted on measuring vehicle 10. 
Reference numeral 11 denotes a frame fixed on meaaure vehicle 10, 
otherwise supported to meaauring vehicle 10 by ON/OFF line 
carriage 15 if necessary, and its position in a horizontal plane 
(X-Y plane) and its angular position about a vertical axis (Z 
axis) are adjuated by carriage 15. Inclinometer 12 ia provided on 
frame 11 for detecting an inclined angle of a longitudinal 
direction of frame 11 relative to the horizontal plane and for 
outputting a signal of the detected inclined angle. Rotation 
driving member 13 fixed to frame 11 includes a driving motor for 
generating rotary motions, and angular transmitter 29, such as 
potentiometer or encoder for detecting a rotational angle of 
output shaft 13a of the driving motor and for outputting a signal 
of the detected rotational angle to processing unit 16 explained 
hereinafter, A signal from the processing unit 16 in accordance 
with the signal from the transmitter 29 is feedbacked to the 
driving motor which controlled by this conventional servo 
control system. 

Inclinometer 12 may be directly fixed to a housing of 
rotation driving member 13 fixed to frame 11 to detect an 
inclined angle of rotation driving member 13. 

Distance measuring member 14 is attached to rotary output 
shaft 13a of rotation driving member 13. It is desired that 
attachment of distance measuring member 14 to rotation driving 
member 13 and attachment of rotation driving member 13 to frame 
11 should be completed with a certain preciision before frame 11 
is fixed to measure vehicle 10. 

Distance measuring member 14 is provided with light wave 
distance measuring equipment 19 ( aee Fig. 3) which transmits 
light wave to a road surface. Distance measuring equipment 19 
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reciprocally swings right or left in a vertical plane by rotation 
driving member 13 so that the light axes of light from equipment 
19 traverse the road surface. Ae shown in Fig. 2» the signal 
from light wave distance measuring equipment 19 is fed to 
processing unit 16 mounted on measure vehicle 10, together with 
the signals from angular transmitter 29 of rotation driving 
member 13 and from inclinometer 12- Processing unit 16 connects 
to display device 17, Electric power source 18 is aleo mounted on 
measure vehicle 10 and feeds electric power to rotation driving 
member 13, light wave distance measuring equipment 19. processing 
unit 16 etc. . 

Processing unit 16 includes time counter 25, measuring 
distance calculator 26 and road convex or concave calculator 27 
(see Fig. 3). Measuring distance calculator 26 calculates a 
distance from light wave distance measuring equipment 19 to the 
road surface and road convex or concave calculator 27 obtains 
data regarding to convex or concave of the road surface by means 
of the outputs from inclinometer 12 and angular transmitter 29 of 
rotation driving member 13. 

Fig. 3 shows principle of measuring of light wave distance 
measuring equipment 19 which includes laser emitter element 20, 
projector lens 21, receiving lens 23 and laser receiving element 
24, Laser emitter elewent 20 emits laser pulse lights every 
predetermined time interval, each of which is transduced to a 
parallel light by projector lens 21 and illuminates road surface 
RS. A part of a reflected light from road surface RS is gathered 
by receiving lens 23 and reaches to laser receiving element 24. 
Time counter 25 of processing unit 16 counts clock pulses from 
when a triggVr signal is fed to laser emitter element 20 to emit 
the laser, to when the received signal is output from laser 
receiving element 24, and the number of the clock pulses is 
transduced to a distance 1 by measuring distance calculator 26. 
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The obtained distance 1 is fed to road convex oi- concave 
calculator 27 and processed as follows; 

Fig. 4 shows operation of this apparatus. Reference numeral 
30 refers to a rotation center of distance measiirinfiS member 14. 
Reference numeral 31 refers to longitudinal directtion of frame 
11, inclinometer 12 detects inclined angle^Q of a longitudinal 
direction, in other words, inclined angle of a fixed part of 
rotation driving member 13 deviated from the horizontal plane. 
Distance measuring member 14 attached to rotary output shaft 13a 
of rotation driving member 13 swings right or left about rotation 
center 30 and line 32 perpendicular to rotation driving member 
13. Rotation angle deviated from vertical lir\e 32 is output 

from angular transmitter 29. Offset angle 0 of light axis of 
distance measuring member 14 deviated from vertical line 33 is 
obtained by the following equation: 

0 = Oi * ^0 

wherein R is a distance from rotation center 30 to reference 
point 34 of distance measuring member 14 and 1 is a distance 
obtained by measuring distance calculator 26. Vertical distance H 
and horizontal distance L from rotation center 30 to a measuring 
point on road surface RS are obtained by the following equations. 

H =(R+1) cos^ =(R+1) cos iO' I + ^0 ^ 

L =(R+1) sin^ =(R+1) sin {^^ + ) 
Consequently, in road convex or concave calculator 27, output q 
from inclinometer 12 and output ^ from angular txanstn i I. ter 29 of 
rotation driving member 13 are added and the added angle is used 
to calculate H and L. The calculated vertical distance H and 
horizontal distance L between rotation center and the 

measuring point on the road surface are fed to display device 17 
and plotted in a display of display device 17. 

Fig. 5 shows an example of a measured result, maximum 
scanning rotation angle is 51.34 degree, measuring width is 5 m. 



The lengths in Fig. 5 is shown in mm. Each measuring point is 
plotted by calculated vertical distance H and calculated 
horizontal distance L between the measuring point and rotation 
center 30. 

As explained above, it is possible to reduce a size and 
weight of the apparatus by means of rotating distance measuring 
member 14 rotated by rotation driving member 13, resulting in low 
costs and less human labors. 

Fig. 6 is another embodiment of the rotation driving member. 
In this embodiment, rotation driving member 40 includes pulse 
motor 41 as a drive motor, and angular transmitter 29 is omitted. 
Distance measuring member 14 is attached to output shaft 41a of 
pulse motor 41 through attaching plate 41a. Rotation driving 
member 40 further includes pulse distribution circuit 42 and 
micro step driver 43 connected to distribution citcuil 42. Micro 
step driver 43 drives pulse motor 41 with a precision of a 
predetermined angle. 

It is possible to drive pulse motor 41 by a piede te rmined 
stepped angle with a high resolution. Road convex or concave 
calculator 27 can obtain a signal corresponding l.o rotation 
angular signal output of distance measuring member 14 from 

micro step driver 43. 

Fig. 7 is another embodiment of the rotation driving member 
according to the present invention. Rotation driving member 

50 in this embodiment includes pulse motor 51 as a drive motor 
and omits angular transmitter 29. In this embodinuMit, every 
stepped rotation driven by pulse motor 51 ^.o r responds to a 
scanning interval in a horizontal direction in a measuxing plane. 
Namely, an output shaft of pulse motor 51 disposed to be parallel 
to a longitudinal direction of frame 11 and rotatably supported 
to frame 1, integrally connects ball thread 52. Nut 53 is 
threadably engaged to ball thread 52. Linear guiu. .^tte 55 is 
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rotatably supported through bearing 54 to shaft 53a extending 
perpendicularly relative to thread 52 from nut 53. Mounting plate 
56 is slidably supported to linear guide plate 55. An upper end 
of mounting plate 56 is rotatably supported to frame 11 through 
bearing 57. Distance measuring member 14 is fixed to mounting 
plate 56 ♦ Rotation movement from pulse motor 51 is transduced 
rotation movement about center 30 by a transmission mechanism 
consisting of ball thread 52, nut 53, bearing 54, linear guide 
plate 55, mounting plate 56 and bearing 57. 

The operation of the above construction is carried out as 
follows. Pulse motor 51 rotates ball thread 52, moving nut 53 in 
a direction parallel to a longitudinal direction of frame 11. 
Mounting plate 56 rotates reciprocally about center 30 because 
the upper end of mounting plate 56 is rotatably supported to 
frame 11 through bearing 57 and slidably supported to linear 
guide plate 55 which moves in a direction parallel to the 
longitudinal direction of frame 11 together with nut 53. 

As shown in Fig. 8, every rotation step of pulse motor 51 
corresponds to a displacement point ( 60, 60,...) of nut 53 along 
ball thread 52, and lights from distance measuring member 14 are 
propagated in a direction from center 30 to displacement points 
60, 60,. so that intervals of measuring step in a horizontal 
direction on the measuring surface become equal. 

Road convex or concave calculator 27 obtains a signal 

r* 

corresponding to rotation angular output fer j from a pulse motor 
driving circuit 61. 

In this embodiment, it is possible to utilize rack and 
pinion instead of ball thread 52 and nut 53. 

Now, Fig. 11 is still another embodiment accortiing to the 
present invention* An apparatus according to the present 
embodiment is positioned on sidewalk or outside of the road ER. 

In Fig. 11, flame 11-1 disposed on sidewalk or outside of 



the road ER, is an elevating tripod. 

Rotation driving member 13 similar to the one in the first 
embodiment is fixed to a plane portion on the top of the flame 
11-1 • Distance measuring member 14 is mounted on output shaft 13a 
of rotation driving member 13. Level 62 is mounted on the housing 
of rotation driving member 13. Alternatively, level 62 may be 
directly mounted on flame 11-1. 

Rotation driving member 13 also includes angular transmitter 
29 not shown for detecting a rotational angle of output shaft 
13a, as well as the first embodiment. Distance measuring member 
14 is provided with light wave distance measuring equipment 19 
which transmits light wave to a road surface as well as the first 
embodiment. Signals from light wave distance measuring equipment 
19 and angular transmitter 29 are fed to a processing unit not 
shown. The processing unit also includes a time counter, 
measuring distance calculator and road convex or concave 
calculator as well as the first embodiment. Measuring distance 
calculator calculates a distance from light wave distance 
measuring equipment 19 to the road surface, and road convex or 
concave calculator 27 obtains data regarding to convex or concave 
of the road surface by means of the output from angular 
transmitter 29 of rotation driving member 13. The processing unit 
connects to a display device. An electric power source feeds 
electric power to rotation driving member 13 and light wave 
distance measuring equipment 19 etc.. 

In the apparatus according to this embodiment positioned on 
sidewalk or outside of the road ER, the housing of rotation 
driving member 13 and the plane portion on the top of the flame 
11-1 are adjusted to keep horizontal before measuring. 

As shown in Fig. 11, distance measuring member 14 attached 
to rotary output shaft 13a of rotation driving member 13 swings 
between 0 n^p^x ^ IMIN toward the road RD about rotation 
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center 30 from vertical line 32 which is standard line of 
rotation driving member 13. Rotation angle deviated from 

vertical line 32 output from angular transmitter 29 is equal to 
an offset angle Q of light axis of distance measuring member 14 
deviated from vertical line 33 { ^ = B i) * Assuming that R is 
a distance from rotation center 30 to reference point 34 of 
distance measuring member 14 and 1 is a distance obtained by 
measuring distance calculator 26 as well as the first embodiment, 
a vertical distance H and horizontal distance L from rotation 
center 30 to a measuring point on road surface are obtained by 
the following equations, 

H =(R+1) cos S 1 

L =(R+1) sin Q j 

Consequently, in the road convex or concave calculator, already- 
known R, measuring result 1 and(9i ^^^^ angular transmitter 29 of 
rotation driving member 13 are used to calculate H and L. The 
calculated vertical distance H and horizontal distance L between 
rotation center 30 and the measuring point on the road surface 
are fed to display device 17 and plotted in a display of display 
device 17. 

Fig. 12 shows an example of a measured result, minimum 
scanning rotation ^ imiN ^^'^ degree and maximum scanning 

rotation angle ^ IMAX ^^'^ degree, measuring width is 4 m. 
The lengths in Fig. 12 are shown in mm, each measuring point is 
plotted by calculated vertical distance H and calculated 
horizontal distance L between the measuring point and rotation 
center 30. 

As explained above, it is possible to reduce a size and 
weight of the apparatus as well as the first embodiment. In 
addition, as the apparatus is positioned on sidewalk or outside 
of the road ER, there is no need to control cars on the road 
around the apparatus. Therefore human labors, costs, time which 
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are required to control the cara. can be eliminated, and traffic 
congestions which would be caused by the apparatus can be 
avoided. Further, the operations on the roads can be avoided. 

Fig. 13 is an example that the apparatus shown in Fig. 11 is 
unted on handcart or cart 70 which is moved by a driving 
hanism of its own. When handcart or cart 70 stops at the 

measuring positions 1, 2, as shown, distances from the 

positions 1, 2 to the road RD in a direction traveree to 

the road are measured after rotation driving member 13 and the 
plane portion on the top of the flame 11-1 are adjusted to be 
horizontal . 

Alternatively, in the embodiment shown in Fig. 1, flame 11 
can be replaced with flame 11-1 shown in Fig. 11 or Fig. 13 and 
can be positioned on sidewalk or outside of the road. 

In above embodiments, distance measuring member 14 includes 
light wave distance measuring eQuipoent 19, however it is 
possible to use conventional measuring member 4, and infrared 
rays, or ultrasonic waves can be replaced with laser lights. 

Aii explained above, according to this invention, it is 
possible to reduce a siae and weight of the apparatus compared to 
the road width. 

Further, operators do not have to get out of the vehicle 
during measuring and they do not have to unload the apparatus 
from the vehicle once the apparatus is mounted on the vehicle. As 
a result, human labors and dangerous works on roads can be 
eliminated. 

In addition, the case where the apparatus is positioned on 
sidewalk or outside of the road ER. there is no need to control 
cars on xhe road around the apparatus. Therefore human labors, 
costs, time which would be required to control the cars, can be 
eliminated, and traffic congestions which would be cauaed by the 
apparatus can be avoided. 
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Further, coetu for producing the apparatus can be decreased 
because ita measuring mochanisB la eiinple. 

Having described the preferred eabodiments of the invention 
«ith reference to the accompanying drawings, it is to be 
understood that the invention is not limited to those precise 
eobodiments, and that various changes and modifications may be 
effected therein by one skilled in the art without departing from 
either the scope or spirit of the invention as defined in the 
appended claims. 
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CLAIMS: 

1. An apparAtuB for measuring a shape of a road surface 
mounted on a vehicle, comprising; rotation driving means for 
generating rotation motion in a vertical plane and for outputting 
a fcignal concerning its rotation angle; inclinometer means for 
detecting an inclined angle of said rotation driving means, 
distance measuring means for measuring distance from the distance 
measuring means to the road surface with rotating by rotation 
motion of said rotation driving means; data processing means 
for calculating a vortical distance and horizontal distance 
between the apparatus and the road surface by means of the 
inclined angle detected by said inclinometer means and the 
rotation angle detected by said rotation driving means. 

2. The apparatus for measuring a shape of a road surface 
according to claim 1, wherein said distance measuring means is a 
light wave dictance measuring equipment iDPflRuring a distance by 
emitting a light wave toward the road surface and by receiving a 
reflected light from the road surface. 

3. The apparatus for measuring a shape of a road surface 
according to claim 1 wherein said rotation driving means includes 
pulse motor means for generating the rotation motion and pulse 
motor driver means for driving said pulse motor means « said pulse 
motor driver means outputting the signal regarding to said 
rotation angle* 

4. The apparatus for measuring a shape of a road face 
according to claim 1 wherein said rotation driving means includes 
pulse motor means for generating the rotation motion and 
transmission means for transducing said rotation motion into a 
reciprocal linear motion and further for transducing said 
reciprocal linear motion into a rotation motion about a certain 
rotation center in a substantial vertical plane and pulse motor 
driver means for driving said pulse motor, said pulse motor 
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tputting the signal regarding to said rotation angle. 
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